ABSTRACT
INTRODUCTION
Online video lectures are becoming a main component of online learning within formal courses and informal learning environments, such as Massive Open Online Courses (MOOCs) (Daniel, 2012; Kalman, 2014; Raffaghelli, Cucchiara, & Persico, 2015; Siemens, Gašević, & Dawson, 2015) . Online video lectures have been successfully used for supporting face-to-face learning (Boton & Gregory, 2015; Brecht, 2012; Kinash, Knight, & McLean, 2015; Whatley & Ahmad, 2007; Wieling & Hofman, 2010) , as well as in-class learning, e.g., when there is a need to show students visual elements (Ostashewski, Reid, & Ostashewski, 2016) . However, online video lectures are not a silver bullet solution for solving the challenges of online learning (Geri, 2011; Guri-Rosenblit, 2009; Lee, 2017) .
One of the main drawbacks of online video lectures is that their availability may lead to procrastination, which eventually would cause student dropout (Diver & Martinez, 2015; Geri, 2012; Geri, Gafni, & Winer, 2014; You, 2015) . Nevertheless, considering student procrastination tendency during the instructional design stage and adding elements such as mandatory viewing of the online videos throughout the semester was found effective in encouraging timely viewing (Costley, Hughes, & Lange, 2017) . Another challenge is the short attention span of the viewers. According to a comprehensive study of MOOC learners, which involved analysis of nearly seven million MOOC video viewing episodes, the engagement time in viewing video lectures was six minutes at most (Guo, Kim, & Rubin, 2014; Kim, Guo, Seaton, Mitros, Gajos, & Miller, 2014; Lagerstrom, Johanes, & Ponsukcharoen, 2015) .
Interactivity is a crucial element for improving the quality of online learning (Guri-Rosenblit, 2009; Siemens et al., 2015) . Furthermore, empirical studies demonstrated the effectiveness of interactivity in extending the attention span of learners and enhancing their achievements (Cherrett, Wills, Price, Maynard, & Dror, 2009; Dror, Schmidt, & O'connor, 2011) . Conversely, interactivity may be regarded as an interruption, which distracts students' attention (Davenport & Beck, 2001; Geri & Gefen, 2007; Pearce, Ainley, & Howard, 2005) . On top of that, adding interactive elements to online video lectures requires additional investment of various resources, pedagogical, as well as technological. Therefore, it is important to investigate the impact of adding interactivity to online video lectures on the attention span of learners. Moreover, few studies concentrated on technological tools suitable for MOOCs, and there is a need for more research of tools, such as audio and video broadcasting, which are able to support instruction on a large scale (Raffaghelli et al., 2015) .
The purpose of this study is to investigate the influence of adding interactivity to online video lectures on students' attention span. We employed a learning analytics approach (Long & Siemens, 2011) and analyzed data of two MOOCS of English for Academic Purposes (EAP) courses that were developed by the Open University of Israel. We analyzed over 200,000 episodes of online video lectures viewings and compared the viewing completion percentage, before and after the addition of interactivity. Furthermore, we investigated the impact of the video lecture length, as well as differences between the two groups of advanced and basic learners. This empirical paper contributes to understanding how to effectively integrate interactive elements in online video lectures. It also demonstrates the usefulness of evaluations that are based on learning analytics for improving instructional design.
THEORETICAL BACKGROUND AND THE RESEARCH QUESTIONS
LITERATURE REVIEW This interdisciplinary study is based on concepts from the domains of: cognitive fit theory (Vessey, 1991) , student retention in online learning (Ferguson & Clow, 2015; Geri, 2012; Guo et al., 2014; Kim et al., 2014; Lagerstrom et al, 2015) , and attention economy (Davenport & Beck, 2001; Geri & Gefen, 2007) , and applies them to student viewing patterns of online video lectures.
According to cognitive fit theory (Vessey, 1991) , compatibility between task and information presentation format would improve task performance. There are differences among individual students in their abilities to learn independently. Hence, offering them diverse tools from which they can choose those that fit their learning preferences is expected to increase their academic motivation and performance (Chandler & Teckchandani, 2015; Keller & Karau, 2013) . Terras and Ramsay (2015) emphasize the importance of considering the diverse psychosocial and cognitive profiles of learners during the design, development, and delivery of MOOCs. Moreover, different types of video lectures have dissimilar effects on the sustained attention and cognitive load of verbalizers and visualizers (Chen & Wu, 2015) .
In the context of viewing online video lectures, adding interactive elements is expected to increase student engagement and performance (Cherrett et al, 2009; Dror et al., 2011) . Furthermore, in a survey of 246 Chinese students, interactivity was found as positively influencing students' intention to revisit MOOCs (Huang, Zhang, & Liu, 2017) . However, adding interactive elements to a video may interrupt the viewing experience (Pearce et al, 2005) , and, as the students stop watching the video, they may be distracted and use the break for checking email, answering messages on social applications, or tending to other external requests for their limited attention resources (Davenport & Beck, 2001; Geri et al., 2014; .
The study of Geri and Gefen (2007) about MBA students' perceptions of the usefulness of various online tools did not examine online video lectures, but its findings revealed that students appreciated mostly summaries of class meeting and presentations, sample exams, as well as task solutions. Students were less interested in interactivity on discussion boards or collaborative tasks. In the same vein, students may not be interested in completing tasks while watching videos, although it is supposedly helpful.
Another aspect that should be considered is procrastination (Steel, 2007) . Students tend to delay their studies until the last minute (Gafni & Geri, 2010) . When the video lectures are available online, students may wait until the end of the semester (Geri et al., 2014) . At that point of time students may skip the interactive activities, due to their limited time.
Another way to address the attention challenge is to offer students mechanisms that would encourage them to complete viewing the course videos in a timely manner. Wandler and Imbriale (2017) propose that online instructors should promote the use of self-regulated learning strategies by students, including scaffolding time expectations, by dividing large assignments to sub assignments with several due dates. Romero, Cerezo, Espino, and Bermudez (2016) suggest using smartwatches for students to decrease procrastination behaviors in MOOCs. Specifically, Romero et al. (2016) developed an An-droid wear-based application, which receives notifications from MOOCs and reminds students to complete their missions, in a similar manner to the tactics used for encouraging people to exercise. However, this study focuses on instructional design elements that may increase the attention span of learners who are already watching the online video lectures. Therefore, external mechanisms such as those suggested by Wandler and Imbriale (2017) and Romero et al, (2016) , are beyond the scope of the current study.
RESEARCH QUESTIONS
Several factors may affect the effectiveness of interactivity in online video lectures. This primary study is conducted at the course level and explores whether the knowledge level of the students may affect the way they react to addition of interactive elements to online video lectures. On the one hand, advanced students have been found to gain more benefits from learning technologies (e.g., Warschauer, 2004; Wood, 2015) . On the other hand, weaker or beginner students may benefit from the addition of interaction, as it is expected to improve their learning experience (Cherrett et al, 2009; Dror et al., 2011) . Thus, it is important to inform diverse students in a manner that effectively conveys the message (Cohen, 2009) , and it may imply delivering content in more than one format.
Since MOOCs research is still emerging (Raffaghelli et al., 2015) , we shall present research questions, and would not propose specific hypotheses. Our first research question is:
• How does adding interactivity to online video lectures affect the attention span of students?
There are several ways to add interactivity to online video lectures. This study refers to asynchronous viewing of the lectures. The interactive activities involve only the individual student, i.e., there is neither collaboration nor interaction with other students, and no communication with the instructor or teaching assistants. The interaction involves answering short closed questions while viewing the online video lectures. Answering the questions is not compulsory, so the student may skip a question, or all questions, and continue watching the video. The second related research question is:
• Are there differences in the influence of interactivity in online video lectures on learners' attention span, between students who study a higher-level course and students who study the same sort of subject matter at a lower level?
As to the short attention span of MOOCs learners Kim et al., 2014; Lagerstrom et al., 2015) , we propose that the general reported findings of maximal six minutes of engagement time in viewing video lectures may not be applicable to MOOCs from the sort examined in this study, or other forms of online video lectures, which are part of formal courses. MOOCs learners have different motivations for learning, which affect their perseverance. When viewing an online video lecture as part of a formal course, especially if the viewing is compulsory, it is expected that learners would be more inclined to perform the task. Likewise, if viewing the videos would increase the chance to obtain a formal benefit, such as helping the students pass an exemption test, their inclination to watch the videos would be higher (Geri, Winer, & Zaks, 2017) . While interactivity may expand the attention span of learners, as the videos become longer the chances of attrition increase. Since sometimes short videos of about five minutes, or less, are not applicable, the third research question that we examine is:
• What is the practical appropriate maximal length of an online video lecture that would still be short enough to retain learners?
METHODOLOGY
This study adopts a learning analytics approach (Long & Siemens, 2011) that is a common methodology is the study of MOOCs (Raffaghelli et al., 2015) . Learning analytics evolved from the general trend of data analytics research and practical applications (LaValle, Lesser, Shockley, Hopkins, & Kruschwitz, 2011) particularly its use in learning environments (e.g., Hershkovitz & Nachmias, 2009; Levy & Ramim, 2012; Romero & Ventura, 2013; Romero, Ventura, & Garcia, 2008) .
We investigated how adding interactivity to online video lectures affects students' attention span by analyzing usage data of two MOOCs, which were developed by the Open University of Israel (OUI) in order to make English for Academic Purposes courses freely available. All undergraduate Israeli students must take a series of exams in EAP until they reach an exemption level. The initial EAP level is determined by a national exam. Typically, the academic institution offers a series of courses to prepare the students for the following internal exams and charges additional tuition fees for each course.
The Israeli Council for Higher Education asked the OUI, in 2015, to develop four MOOCs, two prebasic EAP courses, a basic level course, and an advanced one. The most advanced level of EAP course was not included in the project. During the first stage of the project (from January 1, 2016 until August 6, 2016), the MOOCs were based on online video lectures and basic exercises. On the second stage of the project, which started on August 7, 2016, the online video lectures provided interactive assessment and feedback via advanced technological tools. The two phases of the project created a natural "before and after intervention" testing environment.
Before the intervention, the videos included 'rhetorical' questions, which the instructor answered. Hence, the viewers may have thought about the answer, but did not do anything. The interactive elements that were added to the videos included short "closed" questions, such as multiple choice questions, pairing items from two lists, and ordering items. The students could select whether to pause viewing the video and answer the question online or ignore it and continue viewing. It was not mandatory to answer the questions at any time. Those who chose to answer a specific question received an immediate feedback, as well as an opportunity to correct their answer if they were wrong. The short videos included sporadic interventions, as deemed appropriate by the pedagogical staff who prepared the contents of the courses. As this was a new paradigm, the instructional design team did not suggest any guidelines regarding the sort of questions or the intervals between the interactions. The videos usually included one to three interactions, with an interval of a few minutes between them. The lengths of the videos also varied, as further detailed in the results section.
In order to examine the effect of interactivity on the attention span of learners, as measured by their viewing completion percentage, we analyzed aggregate viewing data of the online video lectures that were the main instructional method of these MOOCs. The actual aggregate viewing data of each one of the online video lectures was obtained via Google Analytics (GA) (Clifton, 2012; Geri et al., 2014 Geri et al., , 2017 .
The two higher levels of EAP MOOCs, the basic and the advanced courses, were selected for this study in order to decrease a possible influence of dropout due to students' inability to cope with academic requirements. The sample included 67 video lectures, which comprised all the online video lectures of both courses.
The analyzed data comprised all the actual viewing data of the 67 video lectures during the examined period, as recorded by GA. During the first examined period, the access to the videos did not require registration. Therefore, there are no further details on the students who watched the videos. The rationale of the decision was to make the courses highly accessible and remove any constraints, even the nuisance of registration, in order to increase the motivation to try the new medium. During the second stage (beginning on August 7, 2016), users were required to register, but their details were not verified (i.e., the registration was on an individual basis and did not require affiliation or verification by a college or a university that the user was indeed a student). Since the purpose of the study was to identify ways to increase the attention span of learners, regardless of their background, no attempts were made to obtain more information about the demographics of the students.
During the initial analysis, which was performed shortly after the intervention and referred to a shorter period (51 days), few outlier videos were excluded because their aggregate viewing patterns suggested that they included a relatively high proportion of viewers who only sampled the videos, but were not engaged in learning (Ferguson & Clow, 2015) . The excluded lectures were mainly the first videos of each study unit within the two MOOCs. Moreover, due to the novelty of the EAP courses, both average and median results were calculated. The medians were calculated in order to avoid a possible bias due to atypical behavior of some users of these MOOCs. There might have been instructors who would like to explore the videos, and their viewing patterns were different from those of learners. Furthermore, the intervention occurred before the beginning of the academic year, and the period afterwards was relatively short, hence the viewing patterns might not be have been representative. However, our analysis showed that the average and median results were similar. Moreover, the data analyzed in the current study referred to a longer "after" period (270 days). Therefore, the analyses reported in this study related only to the average results. Table 1 illustrates a descriptive comparison of the two MOOCs before and after the addition of interactive questions to the videos (i.e., the intervention). The same videos were used in the English for Academic Purposes basic and advanced courses before and after the intervention. Since the videos varied in their length, the relevant measurement that was used for evaluating the change was the average completion percentage. 
RESULTS

77.08%
(9.14) * The same videos were used before and after the intervention. However, minor changes were made in the lengths of four video lectures.
Regarding differences between the two courses, before the intervention, there was a significant difference with a medium effect size between the completion percentage of the basic (59.07%) and the advanced (62.86%) courses (t=-2.073, p=.042, 65 df, equal variances assumed, Levene's test for equality of variances: F=3.174, p=.079, Cohen's d=-0.502). After the intervention, the differences between the courses increased (72.60% for the basic and 80.94% for the advanced) and were significant with a large effect size (t=-3.986<.0001, 43.911 df, equal variances not assumed, Levene's test for equality of variances: F=5.536, p=.022, Cohen's d=-0.997).
In order to examine the third research question, regarding the practical appropriate maximal length of an online video lecture that would still be short enough to retain learners, we split the sample of 67 videos to quartiles. Table 3 includes the completion percentage and other descriptive information of the four quartiles. We conducted an analysis of variance (ANOVA) of the completion percentage before and after the intervention, as well as Scheffe tests to identify the quartiles that significantly differ in their completion percentage. Both before and after the intervention, the ANOVA tests were significant (before: F=5.594, p=.001; after: F=15.033, p<.0001), with the fourth quartile significantly different from the first and second quartiles before the intervention, and from the other three quartiles after the intervention, according to the Scheffe tests. The results presented in Table 3 are demonstrated in Figure 2 , which shows that as the video length becomes longer, the average viewing completion percentages gradually decreases, both before and after adding interactivity. However, the differences between the first, second, and third quartiles are small (and mostly not significant, as reported above). Contrarily, the completion rate of the videos in the fourth quartiles, with average length of 19.09 minutes and 3.09 minutes standard deviation (SD), is significantly lower, even after adding interactive elements. Hence, with regard to the third research question about the practical appropriate maximal length of an online video lecture that would still be short enough to retain learners, our findings suggest that the range of the third quartile, 11-14 minutes may be the maximal effective video length range. However, this range may be affected by other factors, and should be corroborated by further research. 
DISCUSSION
THEORETICAL IMPLICATIONS
Our findings suggest that interactivity may increase the attention span of learners, as measured by the average online video lecture viewing completion percentage, before and after the addition of interactivity, for both the basic and advanced English for Academic Purposes courses. The impact is significantly stronger for the more advanced course. However, when the lecture is longer than about 15 minutes (i.e., the fourth quartile in the analysis presented in Table 3 ), the completion percentages decrease relatively to the completion percentage of shorter videos, even after adding interactive elements.
The positive impact of interactivity on the average online video lecture viewing completion percentage is in line with the findings of Cherrett et al. (2009) and Dror et al. (2011) . However, even after adding interactivity to the shorter videos (The first quartile, average video duration 5.19 minutes, SD=2.6, range 1.04-8.44 minutes) the completion percentage rate did not achieve 100%. This finding demonstrates the challenge of retaining attention (Davenport & Beck, 2001 ).
Thus, this research contributes to theory by both examining the impact of the interaction between video length and interactivity on the attention span of learners, and by providing a tool for quantifying the effective length of online video lectures.
LIMITATIONS
Nevertheless, further study is required for substantiating the findings. The MOOCs examined in this paper were intended to prepare the students for formal exemption tests and to save them tuition fee on a face-to-face course. Therefore, the students had a strong extrinsic motivation to complete them. The findings may not be applicable to other sorts of MOOCs, or to other types of learners.
Furthermore, since the examined MOOCs are open to all, it is possible that some people watched the videos for other purposes (e.g., to improve their knowledge of English), and their behavior might have been different than that of the students who took these MOOCs in order to prepare for the exemption exam.
FUTURE RESEARCH
While MOOCs and other online learning opportunities serve "the needs of the already educationally confident" (Tuckett, 2017) , those that do not have the necessary literacy skills require further assistance so they would not be left behind. Future research should seek further best practices to improve the effectiveness of online video lectures for diverse learners, and increase social inclusion.
Other promising research directions for increasing the attention span of learners who watch online video lectures include the use of badges (Gibson, Ostashewski, Flintoff, Grant & Knight, 2015) and elements of gamification (De Castell & Jenson, 2004) .
While this study examined a seemingly linear learning, which is supposedly based on serial viewing of online video lectures, nowadays, much learning occurs ad-hoc, as people encounter a problem they want to solve and search for the solution or relevant information online. However, currently searching audio and video content is limited (Silber-Varod, Winer, & Geri, 2017) . Nevertheless, if the relevant video lecture is located, and given the high motivation of the viewers, it would be interesting to examine if interactivity would be helpful or destructive in such situations, which are inherent in lifelong learning.
PRACTICAL IMPLICATIONS
Adding interactivity to online video lectures and controlling their length is expected to increase the attention span of learners. From a pedagogical point of view, we have shown that the interactive layer, which was added to video lectures, allowed learners to significantly extend their attention span. However, interactivity involves additional costs and adds complexity to the production process. This study demonstrated the potential of learning analytics to identify ways to improve learning processes and to provide important insights to decision makers. The ability to track and analyze behavior of learners who are presented with new features and capabilities is paramount for improving the effectiveness of learning environments, as well as supporting productive allocation of resources.
CONCLUSIONS
This study examined several aspects of how adding interactivity to online video lectures affects the attention span of students. Our findings, which are based on sample of 200,000 episodes of online video lectures viewings and are measured by the average online video lecture viewing completion percentage, indicate that interactivity may increase the attention span of learners. The second aspect that was examined concerned the course level. The results showed a significant difference between the basic English for Academic Purposes course and the advanced course, implying that the added interactivity was more helpful for stronger advanced students. Finally, we investigated the practical appropriate maximal length of an online video lecture that would still be short enough to retain learners. The results revealed that for lectures longer than about 15 minutes, the completion percentages decreased, both before and after the addition of interactive elements.
Providing practical insights on adding interactivity to online video lectures and controlling their length is expected to increase the attention span of learners. As we move forward, we would like to improve the understanding whether interactive online video lectures might narrow the gap between weak and strong learners and allow better social inclusion.
